Staining with calcofluor white (CFW), which is known to bind chitin-rich areas of the cell wall, revealed a difference in the fluorescence intensity at the hyphal tip between Candida albicans hyphal cells that were grown in modified Lee (M-Lee) and SPG media. The fluorescence intensity at the tip increased with the addition of salts and sugar to SPG. The chitin levels per dry cell weight in cells grown in modified Lee and SPG with 1.0 M NaCl were also higher than in SPG. These results suggest that chitin synthesis at the tip of C. albicans might be activated by the addition of salts and sugar to a medium.
Much effort has gone into the study of the dimorphism to find a molecular target for antifungal agents. There are also reports that have examined the conditions that induce the morphological change. 2, 3) It is known that Lee's medium, a synthetic medium, can be used for hyphal growth.
3) The cell wall of C. albicans, which is composed of -glucans, chitin, and mannoproteins, is essential for the maintenance of cell morphology. Chitin is a (1,4) polymer of N-acetylglucosamine and is synthesized by transmembrane enzymes. Gil et al. reported that the septa, branching zones and filament tips in the hyphal cell of C. albicans are intensely stained with Calcofluor white (CFW), a compound that binds to chitin-rich areas. 4) CFW is a useful tool for analyzing the localization and level of chitin in the hyphal cell.
In preliminary studies, we observed that the hyphal tips of C. albicans cells were intensely stained with CFW when they were grown in M-Lee but the intensity in hyphal cells grown in SPG is weak. This result suggests that the chitin level and/or chitin structure at the hyphal tips of C. albicans cells might depend on the type of growth medium. To date, no reports have appeared concerning these phenomena. Hence we examined the conditions of inducing tips stained intensely with CFW.
The C. albicans IFO 1061 used here was maintained on YPD agar medium ( 
.05% L-threonine, and 0.0001% biotin, pH 5.0). Agar (2.0%) was added to these media for solid culture.
To determine the media suitable for induction of hyphal cells of C. albicans, we examined the morphology of cells grown for 24 h in YPD, M-Lee, and SPG liquid media. Cells grown in YPD had both yeast-like and hyphal forms, whereas most cells in M-Lee and SPG media had a hyphal form, and there was no difference in the appearance of hyphal cells grown in M-Lee and in SPG (data not shown). These results indicate that SPG and M-Lee media are suitable for promoting hyphal growth. In addition, there was little difference in growth in M-Lee and in SPG as judged by the naked-eye observation.
To observe chitin at the hyphal tips, cells grown in SPG and M-Lee media were stained with CFW (Fig. 1A) . In hyphal cells grown in M-Lee, many of the tips were stained intensely with CFW, suggesting that the level of chitin at the hyphal tip was high and/or that polymerization of chitin at the tip became slow and that the accessibility of CFW to chitin became high. On the other hand, the hyphal tips of cells grown in SPG were not stained intensely. In the tips of hyphal cells grown in M-Lee, the point of apical growth was not stained, but the area around the apical point was stained intensely (see Fig. 1A ). This suggests that in hyphal cells grown in M-Lee, chitin might be synthesized around the point of active apical growth.
Next we examined the time course of the ratio of CFW-stained tips (Fig. 1B) . In cells grown in SPG, no y To whom correspondence should be addressed. Fax: +81-6-6605-2701; E-mail: azuma@bioa.eng.osaka-cu.ac.jp Abbreviations: CFW, calcofluor white; M-Lee, modified Lee CFW-stained tips were observed during the culture period. In contrast, in hyphal cells grown in M-Lee, the ratio of CFW-stained tips increased in a time-dependent manner, reaching 58.5% after 20 h of culture, but the ratio decreased thereafter. A cessation of growth by depletion of medium components might be one of several causes of this decrease. Based on these results, there is a clear difference in the chitin in the hyphal tip of cells grown in M-Lee and in SPG media. Similarly to these findings in M-Lee medium, Sudoh et al. 5) and Gil et al. 4) have reported that hyphal tips in cells grown in YED (complete medium) and RPMI1640 respectively are stained intensely with CFW, but the ratios of CFWstained hyphal tips are not mentioned. Although these findings suggest that different media can have varying effects on the chitin in the hyphal tip, the conditions of inducing tips stained intensely with CFW have not been investigated.
We examined the effect of (NH 4 ) 2 SO 4 concentration because M-Lee medium contains 0.5% (0.038 M) (NH 4 ) 2 SO 4 but SPG does not contain this salt. Cells grown in M-Lee medium had a hyphal form independent of the concentration of (NH 4 ) 2 SO 4 . In M-Lee medium without (NH 4 ) 2 SO 4 , the ratio of CFW-stained hyphal tips was lower than in the standard M-Lee medium ( Fig. 2A) . In addition, in M-Lee medium with 0.15 M (NH 4 ) 2 SO 4 , the ratio of stained tips was higher than in standard M-Lee medium. These results show that the ratio of stained tips rose as the (NH 4 ) 2 SO 4 concentration increased.
We next examined the ratio of CFW-stained tips in hyphal cells grown in SPG medium with (NH 4 ) 2 SO 4 . Cells grown in SPG medium had a hyphal form independent of the concentration of (NH 4 ) 2 SO 4 . The ratio of stained tips rose as the (NH 4 ) 2 SO 4 concentration increased (Table 1 ). When 0.76 M (NH 4 ) 2 SO 4 was added C with reciprocal shaking at 240 rpm. 200 ml of cell suspension was withdrawn at each time point, and cells were stained with CFW. The ratios of stained tips were quantified by counting at least 300 hyphal tips.
to SPG medium, the ratio of stained tips reached 54.4%, which was nearly equal to the ratio in M-Lee medium. In view of these results, we focused on the relation between osmotic pressure and chitin at the hyphal tip.
To examine further the effect of osmotic pressure on the ratio of CFW-stained tips, we assessed the effect of NaCl concentration in the SPG medium. The CFWstained tips of the cells grown in SPG with 1.0 M NaCl is shown in Fig. 1A . The ratio of stained tips risen as the NaCl concentration increased (Table 1) , reaching approximately 50% at 0.33% (0.5 M) NaCl. Subsequently, we examined the effect of other salts and sugar. Salts were added at 0.5 or 0.75 M. D-galactose was added at 1.0 M. In cells grown in SPG with these salts, the ratio of stained tips increased regardless of the kind of salt added (Table 1 ). An increase was also observed in cells grown in SPG containing 1.0 M D-galactose.
Next we examined hyphal cells incubated in NaCl solution (Fig. 2B) . Hyphal cells grown in SPG were harvested, incubated in NaCl solution, and stained with CFW. In hyphal cells incubated in 0.25 M NaCl, the tips were not stained, but in 0.5 M NaCl, approximately 25% of the tips were stained, and in 1.0 M NaCl the ratio reached approximately 50%. These results indicate that the chitin at the tip is affected by osmotic pressure. Because we carried out CFW staining after 3 h of incubation in the NaCl solution, the response to a change of osmotic pressure must have occurred within 3 h. Finally we examined the chitin level per dry cell weight in cells grown in SPG, M-Lee, and SPG containing 1.0 M NaCl. The cells were treated with chitinase and -glucuronidase, 6) and the product (Nacetylglucosamine) was measured by the Morgen-Elson reaction.
7) The chitin level of the cells grown in SPG was 1.43 mg/mg dry cell weight. The chitin levels in MLee and SPG with 1.0 M NaCl increased to 3.6 and 6.0 times that in SPG, respectively (Table 2 ). This might be because chitin synthesis at the tip of cells in M-Lee and SPG with 1.0 M NaCl is promoted and chitin synthesized at the hyphal tip becomes chitin in the lateral cell wall. In brief, the increase in the chitin level and the intense staining of hyphal tips with CFW in SPG with 1.0 M NaCl suggest that chitin synthesis at the tip might be activated by the addition of NaCl.
M-Lee has a slightly higher osmotic pressure than SPG, but the osmotic pressure of M-Lee is low in comparison with media on the basis of SPG, in which the ratios of CFW-stained tips are high. There might be an influence of medium composition on chitin at the tip as well as osmotic pressure.
Sudoh et al. 5) state that CaChs3p, an ortholog S. cerevisiae Chs3p, might contribute to apical chitin synthesis from analysis of chs3-deficient C. albicans. CaChs3p might be involved in the increase in the chitin level at the hyphal tip, but the relation between chitin synthesis and osmotic pressure is not yet understood in C. albicans. On the other hand, in S. cerevisiae, the level of chitin increases in response to hypoosmotic pressure. 8, 9) Our result tends opposite to these reports on S. cerevisiae. Generally, growth media are osmotically supported by the addition of high concentrations of salts and sugar, and it might be predicted that the chitin at the tip is not necessary to maintain tip integrity. But our result was that a decrease in hypoosmotic pressure leads to an increase in the chitin level. Here we found a strange new phenomenon, but we do not have data for C with reciprocal shaking of 240 rpm for 3 h. The cells were stained with CFW, and the ratios of stained tips were quantified by counting at least 300 hyphal tips. appropriate explanation. As a hypothesis, expansion pressure in a cell decreases with the addition of salts and sugar, polymerization of chitin at the tip becomes slow for some reason, and chitin synthesis is promoted to complement the abnormality. Due to influence on both polymerization of chitin and chitin synthesis, the tips might be stained strongly with CFW. Triggered by this observation, it is hoped that elucidation of the polymerization and synthesis of chitin at the tip of C. albicans will advance. Cells were cultured at 30 C for 18 h and chitin levels were measured. 6, 7) Each value represents the average of three independent assays AE SD. 
